Express Mai! Label No. EV308898450US 
Date of Mailing: November 1 8, 2003 



INFLATABLE DEVICE 
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20 

Field of Invention 

This invention relates to inflatable devices and, in particular, to inflatable support 
devices. 

25 BACKGROUND OF INVENTION 

Inflatable devices are used in a variety of contexts where buoyancy or a cushioned 
support is needed, where space is limited, or portability is desired. For example, inflatable 
mattresses, cushions and other body supports are used for applications such as camping, 
hospital bedding, and both occasional and everyday bedding in the home. Such inflatable 

30 devices have the additional advantage that the degree of inflation of the support can be 

adjusted to provide even support of an irregular object, such as a person. Other examples of 
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inflatable devices include boats, rafts and other devices for use in the water where use of an 
inflatable device may benefit support, health, comfort, and safety. 

Inflatable devices typically include valves for inflation and deflation of the devices. 
Valves used with inflatable devices may include self-sealing valves such as those described in 
5 U.S. Patent No. 6,237,621, which is hereby incorporated by reference in its entirety. 

Inflatable devices may also include mechanisms, such as manually or electrically powered 
pumps, to aid in inflating and/or deflating the devices. 

SUMMARY OF INVENTION 

10 A first aspect of the invention is directed to an inflatable device, comprising: (A) an 

inflatable bladder; and (B) a fluid controller comprising: (i) a valve coupled to and supported 
by the inflatable bladder, the valve being configured and arranged to control the flow of fluid 
into and out of the bladder, the valve forming a seal to maintain fluid in the bladder in 
response to fluid pressure within the bladder; and (ii) a mechanical device configured and 

15 arranged to open the valve when the mechanical device is actuated. 

The inflatable device may further comprise a compartment coupled to the bladder and 
configured and arranged to enclose the valve, the compartment being adapted to receive 
pressurized fluid from a pump. In some embodiments, the valve is a self sealing valve 
comprising a cover adapted to prevent the valve from opening in the presence of air pressure 

20 in the compartment, and wherein the cover and the mechanical device are configure so that 
when the mechanical device is actuated it biases open the cover. The self sealing valve may 
further comprise a diaphragm configured and arranged to form the seal in response to fluid 
pressure within the bladder, and wherein the diaphragm and the mechanical device are 
configure so that when the mechanical device is actuated it biases open the cover and the 

25 diaphragm. Optionally, the mechanical device is enclosed by the compartment. The 

mechanical device may be coupled to the bladder and supported by the bladder. In some 
embodiments, the mechanical device comprises an electromechanical device. 

In some embodiments, the electromechanical device is adapted to open the valve in 
coordination with the pump, which is adapted to provide pressurized fluid to the 

30 compartment, to inflate the bladder. Optionally, the electromechanical device is adapted to 
open the valve, to deflate the bladder with fluid. In some embodiments, the pump is coupled 
to the compartment through a hose. The pump may be housed within an acoustical insulative 
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material. In some embodiments, the compartment is disposed along or within the profile of 
the inflatable bladder. 

The inflatable device may be a mattress. The mattress may comprise supplemental 
material, and a portion of the fluid controller is at least partially supported by the 
5 supplemental material. In some embodiments, a portion of the pump is at least partially 
supported by the supplemental material. The pump may be supported by the inflatable 
bladder. 

Another aspect of the invention is directed to an inflatable mattress, comprising: (A) a 
first inflatable bladder; (B) a second inflatable bladder disposed adjacent to the first inflatable 

10 bladder; (C) a fluid controller comprising: (i) a first valve coupled to and supported by the 
first bladder, the first valve being configured and arranged to control the flow of fluid into 
and out of the first bladder, the first valve forming a seal to maintain fluid in the first bladder 
in response to fluid pressure within the first bladder; (ii) a second valve coupled to and 
supported by the second bladder, the second valve being configured and arranged to control 

15 the flow of fluid into and out of the first bladder, the second valve forming a seal to maintain 
fluid in the second bladder in response to fluid pressure within the second bladder; and (ii) an 
electromechanical device configured and arranged to open the first valve when the 
electromechanical device is in a first actuated position and to open the second valve when the 
electromechanical device is in a second actuated position; and (D) a compartment coupled to 

20 the bladder and configured and arranged to enclose the first valve and the second valve, the 
compartment being adapted to receive pressurized fluid from a pump. 

In some embodiments, the compartment is flush with or within the profile of the 
mattress. In some embodiments, the compartment is v-shaped. Optionally, the 
electromechanical device is configured such that in the first actuated position and with 

25 pressurized fluid provided to the compartment, the first bladder is filled with fluid and is 

configured such that when the electromechanical device is in the second actuated position and 
pressurized fluid is provided to the compartment, the second bladder is filled with fluid. 
In some embodiments, the compartment is flush with or within the profile of the first bladder 
and the second bladder combined. The electromechanical device may comprise an actuator 

30 arm to open at least the first valve. The electromechanical device may comprise an actuator 
arm to open both the first valve and the second valve. In some embodiments, the actuator 
arm is arcurate. 
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Another aspect of the invention is directed to an inflatable mattress, comprising: an 
inflatable bladder; an articulation apparatus comprising: a support structure to support the 
inflatable bladder above a floor, the support structure having a plurality of regions along a 
length of the support structure, and at least one joint, each at least one joint being located 
5 intermediate adjacent ones of said regions. 

In some embodiments, the articulation apparatus comprises a motor to move at least 
one of the regions relative to another of the regions. In some embodiments, the regions 
consist of a leg region, a torso region, and a head region. The inflatable device may be a 
mattress. The inflatable device may be an air mattress. The inflatable device may be adapted 

10 to deflate upon actuation of the articulation device. The inflatable device may be adapted to 
re-inflate upon subsequent actuation of the articulation device. In some embodiments, at least 
one of the regions is substantially continuous. In other embodiments, each of the regions is 
substantially continuous. 

Another aspect of the invention is directed to an inflatable device, comprising a first 

15 inflatable bladder; and a second inflatable bladder disposed adjacent to the first bladder, the 
first bladder and second bladder being adapted, at corresponding first levels of inflation, to 
maintain a body in a first body position, and at corresponding second levels of inflation, to 
maintain a body in a second body position. 

The inflatable device may further comprise a comfort layer disposed on at least one of 

20 the first bladder and the second bladder. In some embodiments, the first body position is 
prone and the second body position is reclined. In some embodiments, the first level of 
inflation of the first bladder is greater than the second level of inflation of the first bladder, 
and the first level of inflation of the second bladder is greater than the second level of 
inflation of the second bladder. The first bladder may be adapted to support the torso of a 

25 user and the second bladder is a pillow. 

Yet another aspect of the invention is directed to an inflatable body support device, 
comprising: an inflatable bladder; and a base releasably connected the inflatable bladder and 
adapted to support the inflatable bladder, the base comprising a compartment disposed 
beneath the inflatable bladder. The inflatable body support device may further comprise a 

30 frame releasably connected to the base and supporting the inflatable bladder above the 
compartment. 
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The inflatable bladder may be hingedly coupled to the base. In some embodiments, the 
inflatable bladder is hingedly coupled to the base though a frame that is hingedly connected 
to the base. In some embodiments, the inflatable bladder is an air mattress. In other 
embodiments, the inflatable bladder is a chair. The frame may be adapted to one of slide, 
5 rotate or elevate the inflatable bladder relative the base. In some embodiments, the inflatable 
body support device further comprises one of a rail, guides or tracks to enable one of the 
sliding, rotating and elevating of the inflatable bladder relative the base. In some 
embodiments, the inflatable body support device further comprises a locking mechanism to 
maintain the inflatable bladder in an elevated position. 

10 Yet another aspect of the invention is directed to a method of using a configurable 

inflatable device comprising an inflatable bladder and at least one shape-defining member 
that combines with the inflatable bladder such that the overall shape of the inflatable bladder 
in an inflated condition and in combination with the shape-defining member is substantially 
different from an inflated shape of the inflatable bladder alone, comprising acts of: adapting 

15 the at least one shape-defining member to correspond to a first selected shape; inflating the 
inflatable bladder to attain the first selected shape; adapting the at least one shape-defining 
member to correspond to a second selected shape; and inflating or deflating the bladder to 
attain the second selected shape. 

The method may further comprise an act of using the inflatable device with a first part 

20 of the body while in the first selected shape and using the inflatable device with a second part 
of the body while in the second selected shape. In some embodiments, the first act of 
adapting forms a device suitable for use with the head and the second act of adapting forms a 
device for use with one of the back and the legs. In some embodiments, the act of inflating 
the bladder to a first selected shape forms a bolster pillow of a first size, and the act of 

25 inflating the bladder to a second selected shape forms a bolster pillow of a second size. In 
some embodiments, at least one of the first shape and the second shape is non-cylindrical. In 
some embodiments, at least one fastener is directly connected to the inflatable bladder. In 
some embodiments, the act of adapting the at least one shape-defining member to correspond 
to a second selected shape comprises adjusting a rigid member. 

30 Another aspect of the invention is directed to a method of using a configurable 

inflatable device comprising a bladder, comprising acts of: adapting the bladder to correspond 
to a first selected shape; inflating the inflatable bladder to attain the first selected shape; 
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adapting the bladder to correspond to a second selected shape; and inflating or deflating the 
bladder to attain the second selected shape. In some embodiments, one of the acts of 
adapting the bladder to correspond to a first selected shape and adapting the bladder to 
correspond to a second selected shape, comprises an act of folding the bladder. 
5 Yet another aspect of the invention is directed to an inflatable air mattress, 

comprising: an inflatable bladder; and a heater adjacent to the inflatable bladder. In some 
embodiment, t he heater is comprised of at least one resistive strip having an adhesive strip 
disposed on the bladder. In some embodiments, the bladder has a length, and the at least one 
resistive strip runs along substantially the entire length of the bladder. The heater may be 

10 uniformly disposed along a dimension of the mattress. In some embodiments, the heater is 
disposed along only a portion of the mattress. 

Still another aspect of the invention is directed to a method of using an inflatable 
device comprising an inflatable bladder, a surface layer, and a first intermediary layer 
disposed between the bladder and the surface layer, comprising acts of: removing the first 

15 intermediary layer; and placing a second intermediary layer in the location disposed between 
the bladder and the surface layer. In some embodiments, the first intermediary layer 
comprises at least of one of the following materials: foam, cotton and down. In some 
embodiments, the first intermediary layer and the second intermediary layer comprise the 
same materials as one another. In some embodiments, the first intermediary layer and the 

20 second intermediary layer comprise different materials than one another. 

BRIEF DESCRIPTION OF DRAWINGS 
The accompanying drawings are not intended to be drawn to scale. In the drawings, 
each identical or nearly identical component that is illustrated in various figures is 
25 represented by a like numeral. For purposes of clarity, not every component may be labeled 
in every drawing. In the drawings: 

FIG. 1 is a cross-sectional view of one embodiment of a fluid moving device 
comprising a valve and an electromechanical device of the invention; 

FIG. 2 is a cross-sectional view of another embodiment of a fluid moving device 
30 comprising two valves and a plurality of actuating devices of the invention; 

FIG. 3A is a cross-sectional view of another embodiment of the invention, comprising 
a fluid moving device, two valves and an actuator device in a first condition; 
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FIG. 3B illustrates the embodiment of the invention of FIG. 3 A in a second condition; 

FIGs. 4A-4C illustrate another embodiment of an assembly of an actuator in 
combination with a self-sealing valve of the invention; 

FIGs. 5A-5C illustrate exemplary embodiments of inflatable devices in which a 
5 portion of a fluid controller is coupled to an inflatable bladder and at least a portion of the 
fluid controller is supported by the inflatable bladder; 

FIGs. 6A-6C are illustrations of exemplary embodiments of a dual bladder mattress in 
which a first inflatable bladder and a second inflatable bladder are fluidly coupled to a 
common fluid controller; 
10 FIGs. 7A-7C are illustrations of an exemplary embodiment of a mattress and related 

structure; 

FIGs. 8A-8D are illustrations of an exemplary embodiment of an inflatable device 
which includes a multi-positional body support device; 

FIGs. 9A-9B are schematic illustrations of embodiments of an inflatable device 
15 comprising a storage compartment; 

FIGs. 1 OA- 10C, illustrate embodiments of an inflatable device including an inflatable 
bladder combined with a membrane; 

FIGs. 1 1 A-l ID, illustrate exemplary embodiments of a configurable inflatable device 
comprising an inflatable bladder in combination with an outer membrane; 
20 FIGs. 12A-12B, illustrate exemplary embodiments including inflatable bladders 

attached to an outer membrane using fasteners; 

FIGs. 13A-13H, illustrate further exemplary embodiments in which inflatable 
bladders are attached to an outer membrane; 

FIGs. 14-15 illustrate additional embodiments of a configurable inflatable device 
25 including an inflatable bladder having a valve for inflation and deflation which may be 
enclosed, or partially enclosed, within a covering layer; 

FIGs. 16-18 illustrate a configurable inflatable device configured as a pillow, which 
may serve as a neck or leg support at a first level of inflation and as a lumbar support at a 
second level of inflation; and 
30 FIGs. 19-20 illustrate yet a further embodiment of an inflatable device able to perform 

different functions at different levels of inflation. 
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DETAILED DESCRIPTION 
This invention is not limited in its application to the details of construction and the 
arrangement of components set forth in the following description or illustrated in the 
drawings. The invention is capable of other embodiments and of being practiced or of being 
carried out in various ways. Also, the phraseology and terminology used herein is for the 
purpose of description and should not be regarded as limiting. The use of "including," 
"comprising," or "having," "containing," "involving," and variations thereof herein, is 
meant to encompass the items listed thereafter and equivalents thereof as well as additional 
items. 

As used herein, "inflatable" is to be understood as able to be inflated by any fluid such 
as, for example, a gas, air, a liquid, and the like. As used herein, an "inflatable device" 
comprises at least one fluid impermeable bladder that can be inflated and sealed, and may 
comprise many shapes, sizes, constructions, and materials. 

An aspect of the invention relates to a self-sealing valve that can be used in 
conjunction with an electromechanical device to bias open the valve. In particular, in one 
embodiment, the invention relates to a self-sealing valve that can open under the pressure of a 
fluid moving device to inflate an inflatable device, and that can close under pressure from 
fluid within the inflatable device, without any assistance from an electromechanical device. 
In this embodiment, the electromechanical device is used to bias open the valve to at least 
partially deflate the inflatable device, for example, to adjust an amount of fluid within the 
inflatable device, and also to substantially deflate the inflatable device. For example, the self- 
sealing valve can be opened by the electromechanical device for a short duration to adjust the 
amount of fluid in the inflatable device, and can be biased open to substantially deflate the 
inflatable device. Alternatively, in this or any of the following embodiments described 
herein, the electro-mechanical device may also be used to open the valve during inflation. 

In another embodiment, the invention comprises an electromechanical device coupled 
to a self-sealing valve, wherein the electromechanical device comprises an actuator arm that 
is not connected to the valve, but instead can be moved into contact with the self-sealing 
valve to bias open the self-sealing valve. In this embodiment, in the closed position, or any 
position other than an open position, the electromechanical device and the actuator arm may 
not be in contact with the self-sealing valve assembly. Another embodiment of the invention 
comprises an electromechanical device and two valve assemblies, one for each fluid 
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impermeable bladder of an inflatable device comprising at least two fluid impermeable 
bladders. In this embodiment, the electromechanical device can be used to bias open one 
self-sealing valve at a time, to adjust an amount of fluid within the fluid impermeable bladder 
coupled to the respective self-sealing valve, or to substantially deflate the fluid impermeable 
5 bladder. Other embodiments of the invention will be described infra. 

As will be disclosed herein, some of the advantages of the various embodiments of 
the invention include substantially reduced power requirements for the electromechanical 
actuation device and substantially reduced cycles of operation for the electromechanical 
actuation device, compared with conventional valve and solenoid combinations. Another 

10 advantage is that a plurality of electromechanical devices including, for example, solenoids 
and motors can be used in combination with at least one self-sealing valve. Still another 
advantage is that the valve and electromechanical device of the invention can flexibly be used 
to provide a plurality of adjustment functions, such as, providing minor inflation/deflation 
adjustments for comfort control of an inflatable device, as well as substantial inflation or 

15 deflation of the inflatable device. 

By contrast, in conventional apparatus, solenoids have been used in conjunction with 
valves for inflatable devices. In such inflatable devices, the valves typically employ a spring 
to maintain the valves in a normally biased closed position. A solenoid is typically provided 
with the valve and is typically sized and arranged to overcome the force of the spring biasing 

20 the valve closed so as to open the valve. Such solenoids are typically center mounted with 
the diaphragm of the valve. In such arrangements, the force of the spring biasing the valve 
closed has to be greater than a maximum internal air pressure within an inflatable device, so 
as to maintain the valve in a closed position when the inflatable device is inflated. 
Accordingly, the solenoid has to be sized and arranged to provide a force greater than the 

25 force provided by the spring in order to open the valve. In addition, since the spring normally 
biases the valve closed, the solenoid typically has to be energized to open the valve both for 
the purpose of inflating an inflatable device and also for the purpose of exhausting air from 
the inflatable device. 

This arrangement results in a long operating cycle of the solenoid to either inflate the 
30 inflatable device or deflate the inflatable device, since the solenoid must be energized for the 
entire time of inflation or deflation. In addition, the solenoid has to be sized so as to provide 
enough force to overcome the force provided by the spring maintaining the valve in a closed 
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position, and therefore is typically a large, power consuming, and expensive solenoid device. 
In addition, this arrangement suffers from the infirmity that the amount of fluid that can be 
provided to the inflatable device and exhausted from the inflatable device are typically the 
same, since the valve can typically only be opened to a single position or closed by the 
5 solenoid. Further, the solenoid electromechanical assembly typically restricts the fluid 

pathway, thus requiring a substantial inflation or deflation time for the inflatable device. For 
example, Select Comfort® makes an inflatable mattress with this typical arrangement that 
takes on the order of about 10 minutes to inflate. Thus, this arrangement suffers from the 
infirmity of not being able to control an amount of fluid within the inflatable device in 

10 sufficient time frames. In particular, the time to fine tune the level of inflation of an 
inflatable device by this arrangement is typically too long. 

It is to be appreciated that the valve and electromechanical device combination of the 
invention can be used as an alternative or a replacement to the stand alone valve of an 
inflatable device. For example, the valve and electromechanical device of the invention can 

15 be used within the fluid moving device and valve combination disclosed in U.S. Patent No. 
5,267,363 (hereinafter the "'363 Patent") and 5,367,726 (hereinafter the "'726"), which are 
herein incorporated by reference, to inflate and control an amount of fluid within an inflatable 
mattress. It should also be appreciated that although the valve and electromechanical device 
combination of the invention is illustrated and can be used to inflate, deflate and control an 

20 amount of fluid within generally an inflatable device, the combination can be used with any 
inflatable device, such as, for example: inflatable furniture, or sporting items such as chairs, 
mattresses and pillows; inflatable safety devices, such as life preservers, barriers, bumpers, 
and pads; inflatable medical devices, such as supports, casts, and braces; inflatable luggage 
devices such as, padding and luggage lining material; inflatable recreational devices, such as 

25 swimming aids, floats, tubes, and rings; inflated vehicles and vehicle components, such as 
boats, rafts, and tires; inflatable support structures, such as buildings, portable enclosures, 
platforms, ramps, and the like; inflatable body support devices, such as seats, back supports, 
body pillows, and the like. 

It should also be appreciated that any of the valve and electromechanical device 

30 combinations of the invention, as disclosed infra, can be used in conjunction with any fluid 
moving device, such as that disclosed in U.S. Patent No. 6,237,653 herein incorporated by 
reference; that disclosed in pending U.S. Patent Application Serial No. 09/859,706, herein 
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incorporated by reference; and that disclosed in pending U.S. Patent Application Serial No. 
10/1 13,836 herein incorporated by reference. 

It is further to be appreciated that the valve and electromechanical device combination 
of the invention is typically used over the pressure range anywhere from approximately 0 to 1 
5 pound per square inch (hereinafter "psi"). However, it should also be appreciated that the 
valve and electromechanical device combination of the invention can be used at any pressure 
above about 1 psi and at which the valve and electromechanical device still function properly 
such as, for example, to provide a seal of the inflatable device which can be biased open by 
the electromechanical device, and that such pressure ranges are within the scope of the 

10 invention. It is to be understood that as used herein, a range of approximately 0 to about 1 psi 
is understood to be a low pressure range, a range of approximately 1 to 2 psi is understood to 
be a medium pressure range, and a range of approximately 2 to 5 psi is understood to be a 
relatively high pressure range. 

Referring now to FIG. 1, there is illustrated a cross-sectional view of one embodiment 

15 of a valve and electromechanical device combination according to aspects of the invention. 
In particular, there is illustrated a fluid moving device 100 that can be at least partially within 
an inflatable device 12 or coupled to the inflatable device 12 having an outer wall 14 that is a 
fluid impermeable bladder. In particular, the fluid impermeable bladder 14 separates an 
exterior of the inflatable device from an interior 16 of the inflatable device. In this 

20 embodiment, the valve 10 comprises an outer wall 20 and a valve wall 24 defining a circular 
opening 26 through which a fluid may be transferred to and from the interior 16 of the 
inflatable device. The circular opening preferably has a diameter of about 1" or greater. 
However, it should be appreciated that the diameter can also be less than approximately 1", 
such as, in the range of 3/8" to 3/4" so as to be coupled to a tubing having a diameter in this 

25 range. The valve also comprises a tapered wall from the opening 26 of diameter 25 to the 
outer wall 20 of increased diameter 30, to create a tapered valve seat 28. The self-sealing 
valve also comprises a diaphragm 40 that is generally circular, deformable, flexible, and for 
this embodiment has a diameter that is less than the larger diameter region 30, and greater 
than the smaller diameter 25 of opening 26. 

30 However, it should be appreciated that according to the invention, the diaphragm 40 

can be of any shape, material, size and construction so long as it provides a sufficient seal of 
the inflatable device. In the illustrated embodiment, the valve 10 comprises a self-sealing 
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valve, in which the diaphragm 40, in the closed position, mates with the valve seat 28 to seal 
the opening 26. In one embodiment, a flexible diaphragm assembly comprises diaphragm 40 
which is supported by a diaphragm support 42. In the illustrated embodiment, the diaphragm 
support 42 is hinged ly connected to a wall 24, so that it can be opened and closed about a 
5 hinge point connection. However, it should be appreciated that the diaphragm support 42 in 
combination with the diaphragm 40 of the valve 10, can be any of a plurality of structures 
that may be self-sealing, such as disclosed in U.S. Patent No. 6,237,621, herein incorporated 
by reference. In other words, the flexible diaphragm assembly may be constructed in any 
manner that allows the diaphragm to open under the influence of fluid provided by the fluid 

10 moving device 110, and to close at a suitable fluid pressure within the inflatable device 16, in 
the absence of fluid from the fluid moving device. It should further be appreciated that the 
self-sealing valve 10 can comprise many different variations, as known to those of skill in the 
art such as, for example, a flexible diaphragm without a diaphragm support. Typically, the 
diaphragm support 42 is constructed from a relatively rigid plastic material, and the 

15 diaphragm 40 may be connected to the diaphragm support in any manner that permits the 
diaphragm 40 to be positioned within the opening 26, and to open from the influence of a 
fluid provided by the fluid moving device 110 and also from an influence provided by the 
electromechanical device 50. 

Thus, according to one embodiment of the invention, the valve 10 is a self-sealing 

20 valve that opens under the influence of a fluid from the fluid moving device 1 10 to pressurize 
the inflatable device 16, and that closes to retain fluid within the inflatable device 16 in the 
absence of such fluid. In this embodiment, the self-seal is accomplished by a fluid pressure 
within the inflatable device 12 biasing the diaphragm 40 against the valve seat 28. 

It is to be appreciated that the electromechanical device 50 may be any device that is 

25 capable of biasing the self-sealing valve 10 to an open position. Some examples of 
electromechanical devices that may be used with the invention include solenoids and 
electrical motors, such as motors that have at least two positions, which can be arranged to 
correspond to an open position and a closed position of the self-sealing valve 10. For 
example, as will be discussed in further detail infra, an electric motor can be used to bias 

30 open the self-sealing valve in a first position, and in a second position to allow the self- 
sealing valve 10 to close. Alternatively, another example is an electric motor comprising a 



13 

suitable arrangement of gears having at least two positions, that can be adapted with the self- 
sealing valve to bias open and allow the valve 10 to close. 

In the embodiment of FIG. 1, the electromechanical device 50 includes an actuator 
arm 52, that is biased by the electromechanical device 50 to open the valve 10 (as illustrated) 
5 by acting on a portion of the valve. As illustrated in FIG. 1, in one embodiment of the 
invention, the actuator arm 52 is coupled to, is directly connected to, or is a portion of a 
moving portion of a solenoid 50, which can be energized to bias the actuator arm to open the 
valve 10, by biasing the diaphragm 40 away from the valve seat 28. It is to be appreciated 
that the actuator arm 52 may act on any portion of the valve 10, so as to bias the valve 10 

10 open, such as against the diaphragm 40 or against the diaphragm support 42. It is also to be 
appreciated that according to this embodiment of the invention, there is a reduced force 
required to bias open the valve 10. Since the diaphragm support 42 is mounted by a hinge 
point to the frame 20, the actuator arm 52 can act on a portion of the diaphragm 40 or the 
diaphragm support 42 opposite the hinge point. In particular, the actuator arm 52 acts on a 

15 portion of the diaphragm 40 or the diaphragm support 42 remote from the hinge point of the 
valve 10 to the wall 24. Accordingly, the combination of the solenoid 50 and the self-sealing 
valve 10 have the advantage that there is less force needed to actuate the valve to the open 
position at the portion of the valve remote from the hinge point, than at the hinge point. In 
particular, the further away from the hinge point that the actuator arm contacts the diaphragm 

20 40 or the valve arm 42, the smaller the force that is needed to bias the valve 10 to an open 
position with the electromechanical device. 

According to one embodiment of the invention, the electromechanical device 50 and 
the actuator arm 52 are energized to move either of the diaphragm 40 and the support arm 42 
away from the valve seat 28, so as to break the seal of the self-sealing valve 10, so as to either 

25 regulate or substantially alter an amount of fluid within the inflatable device 12. In particular, 
a shaded portion 53 of the actuator arm 52 illustrates the valve arm in a first position which is 
used to substantially bias open the self-sealing valve 10. In addition, a darkened portion of 
the actuator arm 52 illustrates the valve in a second position, in which it has been allowed to 
close by the solenoid 50 and the actuator arm 52, such that the actuator arm no longer is 

30 biasing the diaphragm 40 or the diaphragm support 42 substantially away from the valve seat. 
Accordingly, it is to be appreciated that the first position of the actuator arm of the solenoid 
50 can be used to substantially open the self-sealing valve, and that the second position of the 
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actuator arm can be used to allow the valve to operate under its normal condition, so as to 
open under the influence of fluid provided by fluid moving device 1 10, and so as to close 
upon sufficient fluid within the inflatable device 12. It is to be appreciated that the first 
position of the actuator arm can be configured so as to substantially open the valve for a 
5 longer duration so as to substantially deflate the inflatable device 12, or it can be configured 
to substantially open the valve for a short duration so as to regulate an amount of fluid within 
the inflatable device 12. In other words, to provide for controlled fluid pressure within the 
inflatable device, for example, to adjust a comfort level of the inflatable device. As 
previously stated, any embodiment herein described may also employ activation of the 

10 electro-mechanical device during inflation. 

Referring to FIG. 2, there is illustrated in cross section another embodiment of a self- 
sealing valve in combination with an electromechanical device of the invention. It is to be 
appreciated that like reference numbers in FIG. 2 to FIG. 1, correspond to like parts and that 
for the sake of brevity the description of each part will not herein be repeated. In the 

15 embodiment of FIG. 2, the combination of the self-sealing valve and electromechanical 
device of the invention are part of a fluid control device 100 that inflates, deflates and 
regulates an amount of fluid within an inflatable device. The fluid control device 100 
includes a pump 1 10 and multiple self-sealing valves 10, in combination with respective 
electromechanical devices 50. In the embodiment of FIG. 2, each combination of a self- 

20 sealing valve and an electromechanical device operates independently, however it is to be 
appreciated that a plurality of self-sealing valves may operate in combination with one or 
more electromechanical devices such as illustrated in Figs. 3A-3B, and that such 
combinations may also operate independently or dependently. 

As is illustrated in FIG. 2, in one illustrative condition, the lower valve is biased to a 

25 substantially opened position by actuator arm 52 and solenoid 50, so as to at least partially 
exhaust air from a fluid impermeable bladder coupled to the lower valve. In addition, as is 
illustrated in FIG. 2, in another illustrative condition, the upper valve 10 can be opened under 
the influence of fluid provided by the pump 1 10, while the actuator arm is in a position 
allowing the valve 10 to operate in a normal manner (illustrated as opening up under the 

30 influence of fluid from the fluid moving device 100), so as to inflate the fluid impermeable 
bladder coupled to the upper valve. It is to be appreciated that in the illustrated condition of 
the upper valve, operating in a normal manner (not under influence from the 
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electromechanical device) that the valve 10 can also close to self-seal the fluid impermeable 
bladder, in the absence of fluid form the fluid moving device, and with sufficient fluid in the 
impermeable bladder. It is also to be appreciated that either self-sealing valve and 
electromechanical device combinations can operate in either manner, and that the conditions 
5 of the valves illustrated in Fig. 2 are for illustration purposes only. With this arrangement, 
the fluid control device 100 is used to inflate, deflate, and adjust an amount of fluid within 
two fluid impermeable bladders, each coupled to a respective one of the upper and lower self- 
sealing valves. Accordingly, the embodiment of the invention as illustrated in FIG. 2 is 
useful for inflatable devices with at least 2 bladders such as, for example, a double inflatable 
10 mattress with separate comfort zones for two different users, each zone having a separate 
bladder. 

The embodiment of FIG. 2 may also comprise a third electromechanical device 60, 
which biases a control arm 105 to one of two positions to either allow air to be provided to or 
exhausted from a fluid impermeable bladder coupled to the upper valve, or the fluid 

15 impermeable bladder coupled to the lower valve. In particular, third electromechanical 
device 60 biases rotating arm 105 so as to seal off one of the self-sealing valves from the 
fluid moving device, so that fluid can only be provided to or exhausted from one fluid 
impermeable bladder at a time. For example, the upper fluid impermeable bladder may be 
filled with fluid from the fluid moving device 1 10, wherein the self-sealing valve opens up 

20 under pressure of fluid provided by the fluid moving device 110. With this condition, the 

rotating arm 105 is rotated under influence from the electromechanical device to a position to 
seal of the lower self-sealing valve from the fluid moving device, such that fluid is prevented 
from being provided to the fluid impermeable bladder coupled to the lower self-sealing valve. 
It is to be appreciated that with this arrangement, the rotating arm can also be rotated to a 

25 second position to seal off the upper self-sealing valve from the fluid moving device, such 
that fluid is prevented from being provided to the fluid impermeable bladder coupled to the 
upper self-sealing valve. In the second position of the rotating arm, fluid can be exhausted 
from or provided to the impermeable bladder coupled to the lower self-sealing valve. In 
other words, in one embodiment of the fluid controller device 100 of FIG. 2, only one of the 

30 two fluid impermeable bladders may be inflated or exhausted at any one time. It is thus to be 
appreciated that with the arrangement of FIG. 2, one fluid impermeable bladder can not be 
inflated at the same time that the second bladder is to be deflated. 
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Referring now to FIG. 3A and FIG. 3B, there is illustrated in cross section another 
embodiment of the invention having at least two different operating positions. In particular, 
although the electromechanical device of the invention can comprise a solenoid as discussed 
above, it may also comprise a motor 62 that can be used to bias the actuator arm 64. It is to 
5 be appreciated that like reference numbers in FIG. 3 A and FIG. 3B to that of FIGs. 1 and 2, 
represent like parts, and the description of each part is not necessarily repeated for the sake of 
brevity. In the embodiment of FIG. 3A and FIG. 3B, the motor and actuator arm have at least 
two positions that can each be used to operate on a respective self-sealing valve 10. In 
particular, as is illustrated in Fig 3A, in a first position the motor biases the actuator arm 64 

10 so as to substantially move the flexible diaphragm of the lower self-sealing valve away from 
the valve seat 28 so as to substantially open the fluid pathway, to at least partially exhaust air 
from an inflatable bladder coupled to the lower self-sealing valve. In addition, the motor can 
move the actuator arm to a second position so as to allow the lower valve to operate under 
normal self-sealing conditions, such as to self seal with sufficient fluid within the fluid 

15 impermeable bladder coupled to the lower self-sealing valve, and so as to open under 

sufficient pressure of fluid provided by the fluid moving device 110. In one embodiment, in 
the second position of the motor 62, the actuator arm is configured to bias the upper valve to 
a substantially open position (with the flexible diaphragm at least partially moved away from 
the valve seat 28), so as to at least partially exhaust air from an inflatable bladder coupled to 

20 the upper self-sealing valve. Alternatively, in another embodiment of the invention, the 

second position of the motor and actuator arm may be a position in which neither self-sealing 
valve is biased open by the actuator arm, as is illustrated in FIG. 3B. In this embodiment, the 
motor may also comprise a third position, in which the motor can bias the actuator arm to a 
position so as to substantially open the upper self-sealing valve, so as to at least partially 

25 exhaust air from a fluid impermeable bladder coupled to the upper self-sealing valve. 

In one embodiment, the motor can also be used to rotate a rotating arm 105 so as to 
seal off one of the self-sealing valves from the fluid moving device, so that fluid can only be 
provided to one fluidly impermeable bladder at a time. For example, as illustrated in FIG. 
3A, the upper fluid impermeable bladder may be filled by fluid from the fluid moving device 

30 110, wherein the self-sealing valve opens up under pressure of fluid provided by the fluid 
moving device 1 10. For this position, the rotating arm 105 is rotated under influence from 
the motor to a position to seal off the lower self-sealing valve from the fluid moving device, 
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such that fluid is prevented from being provided to the fluid impermeable bladder coupled to 
the lower self-sealing valve. It is to be appreciated that with this arrangement, the rotating 
arm can also be rotated to a second position to seal off the upper self-sealing valve from the 
fluid moving device, such that fluid is prevented from being provided to the fluid 
5 impermeable bladder coupled to the upper self-sealing valve. In this second position of the 
rotating arm, fluid can be exhausted from or provided to the fluid impermeable bladder 
coupled to the lower self-sealing valve. 

With any of the embodiments discussed above, a method of inflating and deflating at 
least one fluid impermeable bladder and regulating an amount of fluid within the at least one 

10 fluid impermeable is provided by the invention. In particular, in one embodiment, the self- 
sealing valve can be biased open under the influence of fluid provided by the fluid moving 
device so as to inflate the inflatable device. Upon sufficient fluid pressure within the 
inflatable device, the self-sealing valve is biased to the closed position by the fluid pressure 
within the inflatable device. An electromechanical device is used to regulate an amount of 

15 fluid within the inflatable device or to substantially deflate an amount of fluid within the 

inflatable device. In addition, for embodiments of inflatable devices comprising at least two 
bladders, the above acts can be supplemented by providing fluid through a second 
electromechanical device and self-sealing valve to a second fluid impermeable bladder, and 
the second electromechanical device and self-sealing valve can be used so as to either 

20 regulate an amount of fluid within the inflatable device or to substantially alter the amount of 
fluid from within the second fluid impermeable bladder. 

FIGs. 4A-4C illustrate another embodiment of an assembly of an electromechanical 
device in combination with a self-sealing valve of the invention. This embodiment comprises 
a self-sealing valve assembly 80, such as, as has been described infra. The self-sealing valve 

25 assembly comprises a flexible diaphragm 40 and a diaphragm support 42 that positions the 
diaphragm within an opening through which fluid can be supplied to or exhausted from an 
inside 16 of fluid impermeable bladder 14. The self-sealing valve assembly also includes a 
projecting arm 82 from the diaphragm support 42, that is configured to interact with a portion 
86 of an actuator arm 84. The assembly also comprises a cover 81 having a surface 83 that 

30 also interacts with the portion 86 of the actuator arm 84. The actuator arm 84 and portion 86 
are configured to bias the cover 81 upward so as to open the cover, and are also configured to 
bias the projecting arm 80 so as to push the diaphragm support 42 and diaphragm 40 at least 
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partially away from valve seat 28, as illustrated in FIG. 4B, when a deflate lever 88 is 
depressed, for example, by a finger 90 of a user. The assembly also comprises an inflate 
lever 92, which can also be depressed by the finger 90 of the user so as to move the actuator 
arm into contact with the surface 83 of the cover 81 so as to open the cover, as illustrated in 
5 FIG. 4C. While the lever 92 is illustrated as being moved by a finger, an electromechanical 
device may be used to move the actuator arm. The inflate lever is also configured, when 
depressed, to contact and bias a power switch 94 to energize a fluid moving device to supply 
fluid from the fluid moving device to the self-sealing valve 80, as is also illustrated in FIG. 
4C. 

10 In the illustrated embodiment of FIGs. 4A-4C, the actuator arm also comprises spring 

assembly 96, which maintains the actuator arm 84 in an at rest position, which is disengaged 
from the cover 81 and the self-sealing valve 80. By depressing the deflate lever 88, the 
actuator arm is urged into contact with the surface 83 of the cover 81 and the projecting arm 

82 of the self-sealing valve assembly, so as to bias open the cover and to bias open the self- 
15 sealing valve 80 for the purpose of deflating the inflatable device, as illustrated in FIG. 4B. 

By depressing the inflate level 92, the actuator arm 84 is urged into contact with the surface 

83 of the cover 81 so as to bias open the cover to inflate the inflatable device as illustrated in 
FIG. 4C. As illustrated in FIG. 4C, the inflate lever both turns on the fluid moving device to 
provide fluid to the inflatable device and also biases open the cover for the purpose of 

20 providing fluid to the inflatable device. 

In this embodiment, the self-sealing valve is configured to open under sufficient fluid 
pressure from the fluid moving device, when the cover is biased open by depressing the 
inflate lever, in the absence of any biasing open of the self-sealing valve from the actuator 
arm 84. The self-sealing valve is also configured to close in the absence of such fluid 

25 pressure from the fluid moving device and in the absence of any bias from the actuator 
device, with sufficient fluid pressure within the fluid impermeable bladder 16, to a closed 
position. The self-sealing valve is further configured to at least partially open to allow fluid 
to escape through the self-sealing valve from the inflatable device to regulate an amount of 
fluid within the inflatable device, when the cover and the self-sealing valve is biased open by 

30 the actuator arm, by depressing the inflate lever. 

It should be appreciated that although FIGs. 4A-4C illustrate an embodiment of a 
actuator device and valve assembly comprising a single self-sealing valve, there may be 
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provided a plurality of such self-sealing valves, for example along a row within a common 
housing 96, all coupled to the fluid moving device, and all provided with a respective deflate 
lever 88, inflate lever 92, and spring assembly 96 comprising actuator arm 84, so as to be able 
to respectively bias open and close each self-sealing valve assembly for the purpose of 
5 inflating and deflating a plurality of fluid impermeable bladders within an inflatable device. 
In other words, the assembly of FIGs. 4A-4C can be used to fill, deflate and control a fluid 
level within an inflatable device that comprises a plurality of fluid impermeable bladders, 
each having an assembly as illustrated in FIG.s 4A-4C, so as to be able to control the fluid 
pressure within each fluid impermeable bladder independently, and with the added advantage 

10 of only having to use a single fluid moving device. It is to be appreciated that the fluid 
moving device may be located remotely from the self-sealing valve and the 
electromechanical assembly. 

FIG. 5A is a schematic illustration of an embodiment of an inflatable device 500 
according to another aspect of the invention in which a portion of a fluid controller 5 10 is 

15 coupled to an inflatable bladder 505 and is physically supported by inflatable bladder 505. 
Fluid controller 510 is comprised of valve 520, an electromechanical device 530, a sealing 
barrier 540, a pump 550, and electronics for powering the pump on and off. In the illustrated 
embodiment, inflatable device 500 is an inflatable air mattress, which can be provided in a 
variety of shapes and sizes, such as, for example, those common to everyday bedding, known 

20 generally as "twin," "full," "queen" and "king" sizes. However, the invention is not limited 
to mattresses and any suitable inflatable device may be used to support the portion of the 
fluid controller according to the present aspect of the invention. 

According to the present aspect of the invention, at least valve 520 is coupled to the 
inflatable bladder 505 and is supported by the bladder 500. Valve 520 may be a self sealing 

25 valve as described above with reference to FIGs. 4A-4C and configured in a similar manner. 
Valve 520 is arranged such that an actuator arm 532 of electromechanical device 530 can bias 
the cover 522 upward so as to open the cover, and push the diaphragm 540 at least partially 
away from valve seat 528 so as to allow inflation of bladder 505 if pressured air is provided 
from pump 550, and deflation of the bladder in the absence of pressurized air. For example, 

30 the air released during deflation may exit through the pump, although pump may or may not 
actively draw the air out. 
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Electromechanical device 530 operates to open valve 520 when the inflatable device 
is to be inflated. In some embodiment, electromechanical device 530 is located within 
compartment 545. It is to be appreciated that valve 520 can be adapted to close due to air 
pressure in compartment without actuation of electromechanical device, as described herein 
5 above. In some embodiments, it is advantageous that electromechanical device 530 be 

coupled to the bladder and supported by the bladder. The electromechanical device may, for 
example, be a motor or a solenoid as described above. Electricity can be provided to the 
electromechanical device in any suitable manner, such as, through a port that maintains the 
ability of the pump to suitably pressurize the compartment, as described below. In some 
10 embodiments electromechanical device 530 may be replaced by a non-electric, mechanical 
device such that the device can be operated by pressing a button mechanically coupled to the 
valve. 

Barrier 540 may be any suitable structure capable of forming a compartment 545 
capable of limiting the flow of air from the inside of the compartment to the ambient 

15 surrounding of the bladder, such that when pressurized air is provided from the pump to the 
compartment, sufficient pressure can be achieved to fill inflatable bladder 505. In some 
embodiments, the compartment is air tight and the pump couples to the compartment in an 
airtight manner. In embodiments in which valve 520 is a self sealing valve, the pressure 
provided by pump 550 may push the diaphragm open to fill the bladder. However, in other 

20 embodiments, as described above the electromechanical device pushes the diaphragm open to 
allow filling of the bladder. In some embodiments, barrier 540 is capable of connecting to 
pump 550. However, a hose may be used to couple the pump to the barrier. 

Pump 550 may be connected directly to inflatable device 500 or may be located 
remotely and coupled to the inflatable device by a suitable hose (not shown). In some 

25 applications, locating of the motor in a location remote from the mattress may be desirable to 
reduce the amount of noise from the motor that is perceivable by a person lying on the 
inflatable device 500. For example a pump located remotely may be placed on the floor 
directly underneath the bed or in a location across a room from the mattress. In such 
applications where it is desirable to locate a pump remotely, it may also be desirable to wrap 

30 the motor in a sound insulative material or otherwise house the pump to reduce noise. 

Barrier 540 may be a molded plastic part suitably coupled to inflatable device 500 to 
limit air flow to the ambient surroundings as described above. In some embodiments, 
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compartment 545 has a profile that is flush with or within the profile of bladders (illustrated 
by dashed line 550). In such embodiments, it is possible the fluid compartment containing 
the valve and perhaps electromechanical device fit within a bed frame with which the 
mattress is used. Compartment 545 may have any suitable shape. 
5 In some embodiments, the fluid controller 510 may include a control panel 560 that 

may be located, for example, on a bed frame, thereby allowing a user easy access to the 
control panel. Using the control panel, a user may control inflation/deflation of the inflatable 
bladder, and thus the firmness of the mattress. 

It is to be appreciated that in embodiments in which the valve is coupled to the 

10 inflatable bladder and forms a seals with the inflatable bladder to maintain fluid in inflatable 
device 500 as described above, pump 550 need not form an airtight seal to maintain fluid in 
inflatable device 500; and in embodiments in which the pump 550 is connected to the 
compartment by a hose, the hose need not be airtight. It is further to be appreciated that 
because of the reduced demands on the air tight characteristics of the pump and/or hose the 

15 use of a pump providing higher air volumes is facilitated and, as such the air mattress can be 
filled at a higher rate. For example, a mattress may be filled in less than one minute. One 
benefit of filling at a high rate is that an individual lying on the inflatable device can perceive 
the change in support and select a level of filling according to feel (i.e., tactily). 

FIGs. 5B and 5C are schematic illustrations of an exemplary embodiment of a 

20 mattress and fluid controller as described above with reference to FIG. 5A. In the illustrated 
embodiment, mattress 500 comprises additional materials that at least partially surround the 
inflatable bladder 505 (collectively referred to as supplemental material). Supplemental 
material may be materials common to everyday mattresses, such as a stitched or quilted 
surface layer 506 of a natural or synthetic fabric. The mattress may also include at least one 

25 innerspring, as well as any or all of foam, cotton, down, or other natural or synthetic fibers for 
cushioning, support and comfort, which may be located at or near the mattress top surface or 
side walls. The mattress may also include a top central surface, located above the inflatable 
bladder 505, for sleeping and/or reclining. There may also be an intermediary layer 504 of 
material above the bladder and beneath the surface layer of the mattress. The intermediary 

30 layer may comprise foam, cotton, down or other natural or synthetic fibers, and the mattress 
may be so constructed to allow interchangeability of the intermediary layer to provide users 
with additional sleep surface options. Accordingly, a user of the mattress can select the feel 
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of the mattress by selecting the intermediate layer. Mattress 500 usually additionally includes 
a bottom surface and side walls that support the at least one inflatable bladder 500, the fluid 
controller 550 and additional materials. 

According to the illustrated embodiment of the invention, mattress 500 comprises a 
5 fluid controller 550 coupled to an inflatable bladder 550, wherein the fluid controller 550 is at 
least partially supported by an element of the mattress structure. For example, referring to 
Fig. 5B, the mattress includes a perimeter structure 508 surrounding the at least one inflatable 
bladder, and the fluid controller is located within the perimeter structure, as shown. 
Optionally, fluid controller 550 may be integrated into the mattress structure within a foam 
10 508 or other mattress filling material, such that it is not a free-standing, separate component. 

As shown in Figs. 5B and 5C, the mattress structure may further include a frame 510 
that supports the mattress, for example, supporting the mattress above the floor. In one 
embodiment (not illustrated), the frame may also support one or more components of fluid 
controller 550. For example, the one or more components of the fluid controller may be 
1 5 embedded within or attached to the frame. 

In some embodiments, for example, in dual occupancy mattresses (such as queen or 
king sizes), the mattress may include two inflatable bladders separated by a separating 
element. In this case, each inflatable bladder may include its own fluid controller, or may be 
linked to a common fluid controller as discussed in greater detail below with reference to 
20 FIGs. 6A and 6B. In such embodiments, each fluid controller may be coupled to a separate 
or common control panels 612 for control by a user. 

FIG. 6 A is a schematic illustration of a dual mattress embodiment of aspects of the 
present the invention in which a first inflatable bladder 605A and a second inflatable bladder 
605B are fluidly coupled to a common fluid controller. In the illustrated embodiment, 
25 portions of the fluid controller are maintained with a V-shaped compartment 645. FIG. 6B is 
perspective view of dual mattress 600 having a V-shaped compartment 645 and a pump 650. 

FIG. 6C is a schematic illustration of the details of an exemplary fluid controller for 
use with a dual mattress embodiment of the invention. Valves 620a and 620b (e.g., self 
sealing valves) are connected to the right side mattress 605a and the left side mattress 605b, 
30 respectively. Barrier 640 is substantially within a profile 606 of the mattress. In the 

illustrated embodiment, pump 650 is illustrated as connected to the compartment. However, 
the pump may be coupled to the compartment through a hose as described above. 
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Barrier 640 may be connected to valves 620a and 620b, as illustrated to form 
compartment 645. In such an embodiment, the compartment is coupled to the inflatable 
bladders 605a and 605b through the valves. Alternatively, the barrier may be connected to 
the bladder to form compartment 645. In some embodiments, the barrier may be connected 
5 to the bladder such that the bladder forms one or more sides of the compartment. 

In the illustrated embodiment, a single electromechanical device 630 may be operated 
to bias actuator arm 635 to open one of valves 620a and 620b while the pump 650 is operated 
to fill a corresponding mattress 605a, 605b. As described above the arm may displace both 
the valve cover and the diaphragm or the may only displace the cover, such that air pressure 
10 from the pump displaces the diaphragm. Electromechanical device 630 typically operates in 
three positions: displaced to the left to open valve 620a; displaced to the right to open valve 
620b; and in a neutral position, in which neither valve is open. In the illustrated embodiment, 
arm 635 has an arcurate shape and electromechanical device has a gear train that moves the in 
an accurate path (illustrated by dashed line 632) formed by the arm. However, arm 635 may 
15 be made of any suitable shape (e.g., straight) and moved in a appropriate manner to open 
valves 620a, 620b. 

As illustrated in FIGs. 7A-7C, in some embodiments, a mattress 705 may be 
accompanied by additional features, for example, a heater 710 and/or an articulation 
apparatus 775. The heater may be any suitable heater. For example, in an air filled mattress, 

20 heater 710 may be located along the entire bottom of mattress 705. In some embodiments, 
the heater is disposed uniformly along the length or width of the mattress. The term 
"uniformly" means covering completely, or evenly spaced along a dimension of the mattress. 
Alternatively, due to heat transfer properties of air, a heater may be located in just a portion 
of the bottom of the mattress (e.g., corner of the mattress). FIG. 7C illustrates an 

25 embodiment of a mattress having a pump 750 and a heater 710 comprising an adhesive, 
resistive strip that runs along the length of the mattress. Electricity is applied to strip to 
generate heat. The resistive strip provides heat to a central portion of the mattress, and heat 
dispersive characteristics of air disperse the heat substantially uniformly in the mattress. 
Although a single strip is illustrated, a plurality of strips may be used, and the one or more 

30 strips may be aligned in any suitable direction along the mattress. 

Referring again to FIG. 7 A, articulation apparatus 775 may be any suitable structure 
capable of raising or lowering a portion of the mattress. In the illustrated embodiment, the 
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articulation device comprises a motor 780 and mattress support 790. The motor may be any 
suitable motor capable of raising either one or both of a head region 705a and a leg region 
705c of the mattress, relative to a torso region 705b. 

Mattress support 790 may be any suitable structure capable of manipulating a 
5 mattress, as powered by motor 780. As illustrated in FIG. 7B, mattress support 790 may be a 
substantially continuous structure capable of bending at selected locations 792a, 792b or 
having suitable joints (e.g., hinges) at the selected locations. The term "substantially 
continuous" means capable of keeping the mattress from falling in into a gap so as to form a 
non-supportive region of the mattress. For example, a substantially continuous structure may 

10 comprise a 1) series of bars or bands, each extending across the width W, the bands being 
suitable spaced to avoid non-supportive regions, or 2) a continuous flat slab, possibly having 
through holes for providing electricity to a fluid controller. 

It is to be appreciated that raising or lowering of a region of the mattress may be 
accompanied with deflation of the mattress 705 to help assure that the mattress remains in 

15 contact with mattress support 790 and bends more continuously and accurately. The 

mattress may be re-inflated as the mattress is made more flat. The deflation/re-inflation may 
be controlled by a human being or may be automatically coordinated with articulation of the 
mattress by, for example, measuring the pressure in mattress during articulation. Optionally, 
a controller may be included to achieve automatic articulation. 

20 Referring now to FIGs. 8A-8C, according to another aspect of the invention, an 

inflatable device 810 includes a multi-positional body support device including a first 
inflatable bladder 812 and a second inflatable bladder 814. Bladder 812 and bladder 814 are 
disposed adjacent to one another. In some embodiments, they may be coupled together, and 
in some embodiments they are connected together, such that they share a common wall. 

25 In the illustrated embodiment, the inflatable device 810 includes a first inflatable 

bladder 812 having a corresponding first level of inflation and a second inflatable bladder 814 
having a corresponding first level of inflation. First bladder 812 and second bladder 814, 
each in their corresponding first level of inflation combine to form a first configuration of 
inflatable device 810 for use with a body in a first body position, for example, prone 800. 

30 Subsequently, first bladder and second bladder may be inflated or deflated to achieve 

corresponding second levels of inflation. First bladder 812 and second bladder 814, each in 
their corresponding second levels of inflation combine to form a second configuration of 
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inflatable device 810 corresponding to a second body position, for example, one of reclining 
801 or sitting 802, of body 816 to be supported on device 810. 

The first and second positions of a body to be supported on device 810 may be any of 
a number of positions, and the corresponding levels of inflation of bladder 812 and bladder 
5 814 may be selected in order to provide the desired positions. For example, the first position 
may correspond to a fully prone position 800, and, as illustrated in FIG. 8A, the first level of 
inflation may comprise substantially complete inflation of bladder 812 and complete deflation 
of bladder 814. It should be appreciated that with regard to compressible fluids, such as 
gases, the term "complete inflation" is a relative term and refers to the maximum level of 
10 inflation typically used for a particular bladder. Higher levels of inflation of bladder 812 will 
typically be used to provide a prone position 800 when inflatable device 810 is constructed as 
a mattress, because higher levels of inflation will hold the body 816 relatively straight, not 
permitting portions of body 816 to sink into bladder 812, thus maintaining prone position 
800. 

15 Where first position 800 is a prone position, second position 801 may be a reclining 

position 801 or a sitting position 802, corresponding to a second level of inflation of bladder 
812. Typically, the second level of inflation of bladder 812 may be lower than the first level 
of inflation, allowing body 816 to sink into bladder 812, and assuming a reclining position 
801 or sitting position 802. Where the second position of body 816 is defined as reclining 

20 position 801, the third position of body 816 may be defined as sitting 802, and may 

correspond to a third level of inflation of bladder 812. The third level of inflation of bladder 
812 may be less than the first and second levels of inflation of bladder 812, such that body 
816 supported on implantable device 810 is allowed to sink further into bladder 812, and into 
sitting position 802. It should be understood that conventional definitions of prone, reclining, 

25 and sitting are intended here and that these terms are relative. For example, sitting can 
include some degree of recline, as illustrated in FIG. 8C. Accordingly, it should be 
appreciated that sitting and reclining may overlap to some degree, with what is shown as 
sitting in FIG. 8C being a reclining position compared to a more upright sitting position. 

It is to be appreciated that in each of the positions illustrated in FIGs. 8A-8C, second 

30 bladder 814 supplements bladder 812 to provide a desired position of a body supported on an 
inflatable device. For example, as illustrated in FIGs. 8A-8C, second bladder 814 may 
comprise a pillow. Where second bladder 814 comprises a pillow, it may be a suitable pillow 
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to support a user's head, and/or back and shoulders. It should be appreciated that the level of 
inflation of second bladder 814 need not match the level of inflation of first bladder 812, and 
that in some embodiments, they may be inversely proportional. For example, as shown in 
Figs. 8A-8C, where first bladder 812 is part of an inflatable device comprising a mattress, and 
5 second bladder 814 comprises a pillow, by decreasing the level of inflation of the first 
bladder while increasing the level of inflation of the second bladder, it may be possible to 
support the head and shoulders of the body on the inflatable device, while allowing the lower 
portion of the body to sink into bladder 812, moving the position of the body from prone to 
reclining. Further inflation of bladder 814 coupled with further deflation of bladder 812 may 

10 move the position of the body from reclining to sitting. 

While inflatable devices as described above may provide the advantage of multi- 
positionability, other features that are desirable in a body support may be lacking in an 
inflatable bladder. For example, the usually fluid impermeable nature of inflatable bladders 
may limit the ability of the body support to adequately allow for circulation of air and 

15 moisture to or from a person positioned on the bladder. Furthermore, the surface of an 

inflatable bladder may not provide a desired "feel" to a body support. Finally, where firmer 
inflatable devices are used, the surface area of contact between the inflatable device and a 
supported body may be reduced. Conventional comfort layers, such as quilted materials, may 
be too thin, and otherwise not designed to fully address these issues. Accordingly, in one 

20 embodiment, illustrated in FIG. 8D, a comfort layer includes a conventional cushion 818. 
The conventional cushion may be at least 1 centimeter thick and may cover at least three 
quarters of one side of the bladder. In certain embodiments, the conventional cushion is at 
least 2 centimeters thick and covers substantially all of one side of the bladder. In still other 
embodiments, the conventional cushion is as much as 10 centimeters thick and covers 

25 substantially all of the bladder. It should be appreciated that these embodiments are intended 
by way of example only and may be intermingled, such as in the case of a 1 centimeter thick 
bladder covering substantially all of a bladder. 

Conventional cushion 818 may be constructed in any manner and using any materials 
that allow cushion 818 to perform its desired support and comfort functions. For example, 

30 cushion 818 may be squared or rounded and may vary in overall thickness, as described 
above, or from location to location, such as in the case of "egg crate" foam. Cushion 818 
may be constructed from conventional materials, such as down, synthetic or natural fibers, or 
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foam. Cushion 818 may be constructed to remain in position relative to the blabber. For 
example, cushion 818 may be coupled to the bladder. Depending on the embodiment, 
cushion 818 may be glued, buttoned, hook and loop fastened, zipped, or the like, onto the 
bladder. 

5 FIGs. 9A and 9B are schematic illustrations of another aspect of the present invention 

which takes advantage of the typically light weight of inflatable devices to increase their 
functionality. In one example of this embodiment, the present invention is directed to an 
article of furniture including a user support 920 having an inflatable bladder 912 and a base 
924 having a storage compartment 922 and positioned beneath user support 820. In this 
10 embodiment, user support 920 is movable to allow access to storage compartment 922. 

Accordingly, it can be seen how this embodiment of the present invention takes advantage of 
the lightweight nature of gas-filled inflatable devices. Because a gas-filled inflatable device 
may be relatively lightweight, it may be easily moved to expose storage space beneath the 
user support. 

15 User support 920 may be constructed in any manner and using any materials so long 

as it meets support requirements and is sufficiently lightweight for a particular application. 
Similarly, base 924 may be constructed in any manner and using any materials that 
adequately support user support 920. Storage compartment 922 may be constructed in any 
materials and in any manner that allow storage compartment 922 to perform a desired storage 

20 function and allows base 924 to support user support 920. Shape of storage compartment 922 
may be partially dictated by the shape of base 924. 

FIGs. 9A and 9B illustrate an article of furniture according to this embodiment of the 
invention, arranged as a bed. In this particular embodiment, user support 920 comprises an 
air mattress, and base 924 comprises a bed frame. The air mattress may be a conventional air 

25 mattress having dimensions compatible with standard bedding sizes (e.g. twin, full, queen, 
king). The bed frame may be a generally hollow box, or the like, the inside of which is 
adapted to serve as compartment 922. The bed frame may further include a support or 
supports, such as a net, beams, or a cover, to inhibit the air mattress from collapsing into 
storage compartment 922. Storage compartment 922 may be divided in various ways into 

30 smaller sub-compartments. In another embodiment, the present invention may be configured 
as a couch or chair. In such an embodiment, user support 920 may comprise a support 
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portion of a chair or couch, such as the cushioned upper portions of the chair or couch, and 
the base may comprise the lower portion of the chair or couch. 

Base 924 may include structure to facilitate movement of user support 920 off of 
storage compartment 922. For example, base 924 may be adapted to facilitate sliding, 
5 rotating or elevating of user support 920 off of base 924. Where it is desired for the user 
support to be slidable, base 924 may be adapted to have low friction with user support 920. 
In certain such embodiments, guides, tracks, rails, or the like, may be used to facilitate sliding 
movement of use support 920. 

In one embodiment including a user support and base, user support 920 is releasably 

10 connected to base 924, such that user support 920 may be moved in order to provide access to 
storage compartment 922. For example, user support 920 may be hingedly connected to base 
924. Where user support 920 is hingedly connected to base 924, the hinge may comprise any 
conventional hinge known in the art, including a typical metal hinge, or a piece of flexible 
material. Inflatable device 910 may include a lock 926 sized and adapted to hold user support 

15 920 such that storage compartment 922 is accessible. For example, lock 926 may be sized 
and adapted to hold user support 920 in a raised position. Lock 926 may be any device 
capable of supporting user support 920 in the raised position. For example, lock 926 may be 
associated with a hinge positioned between user support 920 and base 924 or may be a device 
which props up user support 920, preventing it from closing, as illustrated in Fig. 9B. In 

20 some embodiment, including a storage compartment may be used in combination with an 
articulation device as described above with reference to FIGs 7A-7B 

According to another aspect of the invention, a configurable inflatable device may 
include one or more inflatable bladders in combination with a shape-defining 
membrane/covering layer. Referring to FIGS. 10A-C, there is illustrated one embodiment of 

25 an inflatable device that may be used as a bolster-type pillow. In this example, an inflatable 
bladder 1080 may be combined with a membrane/covering layer 1082. As shown in FIG. 
10A, the membrane/covering layer 1082 may be a planar membrane that may be rectangular 
and may be wrapped around the inflatable bladder 1080 such that the overall structure may 
have a cylindrical tubular shape. However, it is to be appreciated that the bladder may not 

30 necessarily be cylindrical, and may be combined with the membrane/covering layer so as to 
form a structure having a shape that is not cylindrical, as will be discussed in more detail 
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below. Furthermore, the membrane/covering layer 1082 need not be rectangular, but may 
have another shape conducive to an overall desired shape of the structure. 

In one example, the bladder 1080 may be formed from a material that is flexible, and 
possibly somewhat elastic, while being substantially impermeable to fluids such as water or 
5 air. This flexibility of the bladder material, combined with the fact that the degree of 

inflation of the bladder (amount of fluid injected into the bladder) may be varied, may result 
in the bladder being highly malleable and configurable. Furthermore, the bladder may also 
be used in combination with the configurable, attachable membrane/covering layer 1082, 
which allows the shape of the inflatable structure to be further controlled. For example, the 

10 configurable, attachable membrane may restrict inflation of certain parts of the inflatable 
bladder, thereby altering the shape of the bladder when inflated. In some embodiments, 
folding or otherwise manipulating or controlling shape is used in addition to controlling the 
degree of inflation within the bladder so as to accommodate different support requirements. 
In such embodiments, folding may or may not be accompanied with the use of a membrane. 

15 In one example, the membrane/covering layer 1082 may be provided with fasteners 1084 that 
may be used to fasten the membrane around the inflatable bladder 1080, as illustrated. The 
fasteners may be hook and loop fasteners, such as, for example, Velcro® hook and loop 
fasteners, or larger hook and loop fasteners as illustrated, or may be another type of fastener, 
for example, buttons, snaps, adjustable straps, or the button latch fastener discussed above. 

20 In one example, illustrated in FIGS. 10A and 10C, the membrane/covering layer 1082 may be 
provided with a plurality of holes 1086 and a row of hook fasteners 1084, such that a 
diameter of the structure may be controlled by hooking the fasteners 1084 into an appropriate 
row of holes 1086. Alternatively, in some embodiments, two or more fasteners 1084 may be 
connected to the inflatable bladder 1080 thus allowing a portion of the bladder to attach to 

25 another portion of the bladder, thus controlling a shape of the bladder, with or without 

attachment of the membrane/covering layer, as illustrated in FIG. 10B. In some embodiment, 
inflatable bladder 1080 may be provided with a rigid or flexible rib, in addition to or instead 
of other members used for configurability, to add configurability or otherwise constrain the 
volume of the bladder. The rib may be internal or external to the bladder. Such ribs may be 

30 used with any of inflatable bladders as discussed herein. 

In the example of a bolster-type pillow, the inflatable bladder may be substantially 
contained within the membrane/covering layer, which may be fastened so as to provide a 
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pillow with a certain desired diameter. Once a desired diameter of the pillow has been 
selected, the bladder may be inflated as much as allowed by the constraining 
membrane/covering layer and/or fasteners, i.e., to completely fill the set diameter, to provide 
firm support to the user. Alternatively, the bladder may be less inflated so as not to 
5 completely fill the volume defined by the set diameter, should the user desire the device to be 
less firm or more malleable. For example, the diameter of the bolster pillow may be 
controllable from approximately 10" (25.4 cm) when fully inflated to approximately 3" (7.62 
cm) when only partially inflated. Controlling the diameter of the pillow using adjustable 
fasteners has the advantage of maintaining the substantially cylindrical shape of the pillow 

10 even when the bladder is not fully inflated, to still provide support to the user. Although the 
above features of the inflatable device have been described in terms of a controllable 
diameter with reference to a bolster pillow, it is to be appreciated that the device is not 
limited to this structure, and the principles here described may be applied to other structures 
having non-cylindrical shapes. It is to be appreciated that, although the fasteners above were 

15 illustrated as connected to a covering layer and only coupled to the bladder, in some 

embodiments according to the present invention, the fasteners used for configuring a bladder 
may be directly connected to the bladder. 

According to another example, the membrane/covering layer may have an envelope- 
type structure that encompasses at least a portion of the inflatable bladder. The malleability 

20 and reconfigurability of the inflatable bladder combined with adjustment means such as the 
fasteners, may provide a pillow, or other device, the size and shape of which may be easily 
modified as desired. The inflatable bladder may be provided with a valve to allow for easy 
inflation and deflation. In situations where additional structure may be required or desirable, 
the attachment or adjustment means may allow a rigid member to be combined with the 

25 bladder to provide the additional structure. 

Referring to FIGS. 1 1 A-D, there is illustrated examples of another embodiment of a 
configurable inflatable device comprising an inflatable bladder 1 130 in combination with a 
partial outer membrane 1 132. This type of inflatable device may be referred to as a pillow, 
although it may serve other functions and may be used in other applications, not only as a 

30 pillow. The inflatable bladder 1 130 comprises a valve 1 134 for inflation and deflation. The 
partial outer membrane 1 132 may be provided in the form of an attachable collar and the 
shape of the pillow, or cushion, may be controlled by variations in how the collar and the 
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inflatable bladder 1 130 are attached, and the level of inflation. The pillow structure may 
provide a variety of comfort shape options, for example, a circle as shown in FIG. 1 1 A, a 
"U" as shown in FIG. 1 IB, a crescent as illustrated in FIG. 1 1C, or a substantially straight 
tube as illustrated in FIG. 1 ID. In one example, the partial outer membrane 1 132 may be a 
5 quilted or padded comfort layer, and/or may be include a comfort-enhancing fabric. 

Referring to FIGS. 12A and 12B, the inflatable bladder 1 130 may be attached to the 
partial outer membrane 1 132 using fasteners 1 136. In one example, fasteners 1 136 may be 
provided on both the inflatable bladder 1 130 and on the partial outer membrane 1 132, such 
that the partial outer membrane 1 132 may be attached to the inflatable bladder 1 130. The 

10 fasteners may be snap fasteners as illustrated. For example, the partial outer membrane 1 132 
may include the protruding portion of the snap fastener 136, as illustrated in FIG. 12 A, and 
the inflatable bladder 1 130 may include the corresponding mating portion. Alternatively, the 
fasteners may be provided with the protruding portion attached to the inflatable bladder. The 
fasteners may also be another type of fastener, such as, for example, button fasteners, hook 

15 and loop fasteners, etc. By fastening the partial outer membrane to the inflatable bladder in 
various ways, using some or all of the fasteners provided, the structure may be made to take a 
desired shape, such as the shapes illustrated in FIGS. 11A-B. Alternatively, a second partial 
outer membrane 1138 may be provided, as illustrated in FIG. 12B, and the structure may be 
formed by attaching the first partial outer membrane 1 132 to the second partial outer 

20 membrane 1 138, by means of fasteners 1 136, with the inflatable bladder placed between the 
two membranes. According to another example, the outer membrane may removably, 
substantially completely surround the inflatable bladder, and may include an opening to 
provide direct access to the valve. 

Referring to FIGS. 13A-H, there are illustrated several examples of attaching 

25 combinations of the inflatable bladder 1 130 and the partial outer membrane 1 132. The partial 
outer membrane 1 132 may, by its attachment, constrain the inflatable bladder 1 130 upon 
inflation and may cause it to assume a shape other than the shape the inflated bladder 1 130 
alone would naturally assume upon inflation. The variability in the manner in which the 
partial outer membrane may be attached to the inflatable bladder provides a device that is 

30 highly configurable and allows a single inflatable bladder of one shape to be used in a variety 
of applications. 
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According to yet another embodiment of a configurable inflatable device, an 
inflatable bladder 1 140, having a valve 1 144 for inflation and deflation, may be enclosed, or 
partially enclosed, within a covering layer 1 142, as illustrated in FIG. 14. The covering layer 
1 142 may be made of a flexible material such as rubber, a cotton mesh, or any other material 
5 used in the art, and may have a volume different from that of the inflatable bladder 1 140. For 
example, the covering layer 1 142 may be sized and configured so as to constrain the size 
and/or shape of the inflatable bladder to provide a resulting inflatable device structure that is 
different than that of the bladder itself. With this arrangement, the bladder and covering layer 
in combination provide an inflatable device having a different volume and shape than that 

10 exhibited by the bladder itself. In addition, it is to be understood that the flexibility of the 
inflatable bladder material, and the degree of variability provided by the ability to adjust the 
level of inflation of the bladder, provide an inflatable device having a plurality of levels of 
comfort. Inflation of the inflatable bladder 1 140 within the covering layer 1 142 may also 
provide a comfort and/or support surface that may not be provided by the inflatable bladder 

15 1 140 alone. For example, a U-shaped inflatable bladder may be contained within an 

approximately rectangular covering layer, as illustrated in FIG. 14, thereby providing a pillow 
having a support/comfort area 1 145 that includes the covering layer, but where there is no 
portion of the inflatable bladder present. Thus, this structure may provide different comfort 
and/or support features from those that the U-shaped inflatable bladder may provide on its 

20 own, or with a shape -con forming covering layer. 

It is to be appreciated that FIGS. 14 and 15 illustrate examples of an inflatable bladder 
in combination with a covering layer, but that many different inflatable devices having a 
number of possible comfort surfaces may be obtained through the combination of various 
bladder shapes and volumes with covering layers of different shapes, sizes, and materials. 

25 For example, referring to FIG. 15, the covering layer 1 142 may not completely enclose the 
inflatable bladder 1 140, but may be provided with fasteners 1 146 that may be used to attach 
the covering layer 1 142 to a portion of the inflatable bladder 1 140. The fasteners may be, for 
example, hook and loop fasteners, adjustable straps, buttons, snap fasteners, or another type 
of fastener known to those of skill in the art. According to another example, the covering 

30 layer may be provided in the form of a bag, for example, a drawstring bag, that may surround 
the inflatable bladder. In certain examples, the covering layer 1 142 may also be provided 
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with a hole 1 148 to allow a user to access the valve 1 144 to inflate and/or deflate the 
inflatable bladder 1 140 once it is inside or partially covered by the covering layer 1 142. 

Another aspect of the invention is directed to the ability of an inflatable device to 
perform different functions based upon differing levels of inflation may provide different 
5 positions to a portion of a body, or may make the device useful with differing portions of the 
body. For example, the inflatable device may be any suitable device as describe above with 
reference to FIG. 1 OA - 15. For example, as illustrated in FIGS. 16-17, an inflatable device 
1610, configured as a pillow, may serve as a neck support at a first level of inflation and as a 
lumbar support at a second level of inflation and a first configuration of a configuring 

10 member (e.g., covering layer 1082, outer membrane 1 132, fasteners 1 136). As a pillow for 
use as a lumbar support is typically smaller than a pillow for use a neck support, a pillow at a 
level of inflation for use as a neck support may be partially deflated by releasing fluid to 
bring it to a level of inflation suitable for use as a lumbar support. Similarly, a pillow at a 
level of inflation for use as a lumbar support may be further inflated by adding fluid to bring 

15 it to a level of inflation suitable for use as a neck support. 

Another example of an inflatable device able to perform different functions based 
upon differing levels of inflation is illustrated in FIGS. 19-20. In this example embodiment, 
inflatable device 1610 is configured as a pillow that may serve as a backrest at a first level of 
inflation (FIG. 20), a leg support at a second level of inflation (FIG. 19), and a head and/or 

20 \ neck support at a third level of inflation (FIG. 18). For example, the pillow may be used as a 
backrest in a fully inflated condition, a leg support in a partially deflated condition, and a 
head support in a further deflated condition. In some cases, to achieve a desired 
configuration, a level of inflation may be attained and the device may be folded or otherwise 
altering the shape of the inflatable device. As with other embodiments of the present 

25 invention, the level of inflation may be adjusted by adding or releasing fluid from an 

inflatable bladder comprising the inflatable device. This and the example embodiment of 
FIGS. 16-18 are only two examples of the many different ways in which adjusting the level 
of fluid in an inflatable device according to the present invention may allow the device to 
perform multiple functions. 

30 Having thus described several aspects of at least one embodiment of this invention, it 

is to be appreciated various alterations, modifications, and improvements will readily occur to 
those skilled in the art. For example, it is to be appreciated that for any of the above 
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described embodiments, the fluid moving device can be provided remotely from, for 
example, the self-sealing valves, and also that the controls to bias on and off the fluid moving 
device and any of the electromechanical devices can be located remotely from the fluid 
moving device and the electromechanical devices. In addition, it is to be appreciated that 

5 there may be some embodiments or applications where the electromechanical device may 
also be used to open the self-sealing valve of any of the embodiments described infra for the 
purpose of aiding the inflating of the inflatable device such as, for example, where the self- 
sealing valve is not opened appreciably by the fluid moving device upon inflation. Such 
alterations, modifications, and improvements are intended to be part of this disclosure, and 

10 are intended to be within the spirit and scope of the invention. Accordingly, the foregoing 
description and drawings are by way of example only. 
What is claimed is: 



> 



